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Abstract
    The inhibiting effect of glabridin from Chinese herb Licorice on fatigue was investigated in male 
BALB/c mice. Mice were divided into the following 4 experimental groups: control group (CG), low dose group 
(LG), middle dose group (MG) and high dose group (HG,). The control group was given 0.5% Tween 80 solution 
and the treatment groups (LG, MG, HG) were given various doses of glabridin (5, 10, 20 mg/kg) for 28 
consecutive days. Body mass, blood lactic acid (BLA), serum blood urea nitrogen (BUN), liver glycogen and 
muscle glycogen concentrations in mice were determined. Results showed that glabridin significantly inhibited
fatigue, which extended the exhaustive exercise time of mice, effectively delayed the elevation of blood lactic 
acid and increase in the storage of liver and muscle glycogen.
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Introduction
    Licorice (gancao in Chinese) is the name applied to the roots and stolons of some Glycyrrhiza species 
(Fabaceae) and has been used by human beings for at least 4000 years (Nomura et al., 2002). It is a Chinese herb 
commonly used as an expectorant and to arrest coughing, reduce fever, comfort the stomach, alleviate urgency, 
and potentiate the effects of various other herbs (Bo et al., 2002; Sabbioni et al., 2005; Tian et al., 2008). 
Licorice contains glycyrrhizin, oleane triterpenoids, glucose, and flavonoids (Zhou et al., 2004). Glabridin 
(Figure 1) is a polyphenolic flavonoid and a main constituent in the hydrophobic fraction of licorice extract. It 
has been reported to exhibit multiple pharmacological activities, such as cytotoxic activity, antimicrobial activity, 
estrogenic and anti-proliferative activity against human breast cancer cells. It also affects melanogenesis,
inflammation, low-density lipoprotein oxidation and protection of mitochondrial functions from oxidative 
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stresses (Choi, 2005; Tian et al., 2008). These results clearly demonstrated that glabridin is an active component 
of Licorice.
O O
HO OH
H
Figure 1. Molecular structures of glabridin
    Fatigue is the symptom, which indicates that the health is about or already subjected to harm (Yu et al., 
2008a). Physiologically, fatigue induced the changes of glucocorticoids in the biogenic monoamine levels 
(Glavin et al., 1991). It is well known that glucocorticoids are major mediators of the stress response and 
modulate many signaling events in the immune response. Thus, fatigue causes various disorders in relation to 
bio-regulatory, autonomic nervous, endocrine and immune system (Maes et al., 1998). These disorders can lead 
to a reduction in exercise intensity or even to the interruption of activity (Davis and Bailey, 1997), so fatigue is 
worthy of attention of modern people who are usually under stress. Many reports have indicated that flavonoids
from plants were helpful on extensive exercise (Li et al., 2000; Hong et al., 2006; Chang et al., 2006; Wu et al., 
2008; Yu et al., 2008 b). However, there is no information in detail concerning that glabridin can inhibit fatigue.
The present study was designed to investigate if glabridin from Chinese herb Licorice could inhibit fatigue by 
swimming exercise of mice.
Materials and Methods 
Chemicals
   Glabridin (purity 97.21 %), was purchased from Shanghai Jiahe Pharmaceutical Co. Ltd (Shanghai, 
China); Reagent kits for the determination of blood lactic acid (BLA), serum blood urea nitrogen (BUN), liver 
glycogen and muscle glycogen were purchased from Jiancheng Biotechnology Co. (Nanjing, China); All other 
reagents were purchased from either Sigma Chemical Co. (St.Louis, USA) or Sinopharm Chemical Reagent 
Beijing Co., Ltd (Beijing, China).
Animals and diets
Male BALB/c mice weighing approximately 18 to 22 g were obtained from the Laboratory Animal Holding 
Unit, East China Jiaotong University (Nanchang, China). The animals were housed with a 12-hr light/dark cycle 
in a temperature- and humidity-control1ed room. The animals were given free access to basal diet (the Disease
Control Center, Jiangxi, China) and water. The ingredient and nutrient compositions of the basal diet fed to mice 
are given in Table 1. After adaptation to the lighting conditions for l week, the healthy animals were used. The 
approval of this experiment was obtained from the Institutional Animal Ethics Committee of East China Jiaotong 
University (Nanchang, China) and the study was carried out according  to the ‘‘Principles of Laboratory Animal 
Care’’ (World Health Organization (WHO) Chronicle, 1985).
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Table 1: The composition of diet fed to mice
Ingredients Content (%) Ingredients Content (%)
Maize meal 52.00 Vitamin mix 0.50
Wheat 25.00 Mineral mix 0.50
Soyabean meal 14.00 Sodium chloride 1.00
Fish meal 5.00 Limestone flour 0.50
Dicalcium phosphate 1.50 - -
    Data derived from The Disease Control Center in Jiangxi, China. Vitamin mix (g/kg) is composed of 
the following: Vitamin A-8000 IU; Vitamin D-1000 IU; Riboflavin-8 mg; Niacin-20mg; Pantothenic acid-4 mg; 
Vitamin B12- 0.012 mg; Vitamin E-25 mg; Vitamin K-10 mg; Folic acid-6mg; Choline chloride-200 mg; 
Thiamin-2 mg. Mineral mix (g/kg), as follows: Calcium-1183 mg; Phosphorus - 391 mg; Manganese - 25 mg; 
Cobalt – 0.4mg; Copper - 7 mg; Iron - 30 mg; Iodine－1.3 mg; Magnesium - 102 mg.
Experimental design
    64 male BALB/c mice were randomly divided into the following 4 experimental groups based on body 
mass: control group (CG, control mice treated with 0.5 % Tween 80 solution), low dose group (LG, mice treated 
with 5mg/kg glabridin), middle dose group (MG, mice treated with 10mg/kg glabridin) and high dose group (HG, 
mice treated with 20 mg/kg glabridin). Glabridin was first dissolved in ethanol, diluted in 0.5 % Tween 80 (v/v)
and were fed by gavage to treatment groups once a day for 28 days. Same volume of 0.5 % Tween 80 solution 
provied was prfor the control group. The animals were carefully monitored every day.
Measurement of exhaustive exercise time in mice
     After a period of 28 days, eight mice were taken out from each group to make swimming exhaustive 
exercise. The mice swam with wire of 5 % body mass tied to their tails in the pool (length: 60 cm, width: 50 cm, 
depth: 45 cm) ﬁlled with 30 cm depth of water. Water was maintained at a constant temperature of 30 ℃ during 
the swimming protocol. Mice were regarded as exhausted when they were underwater for 8 secs, and their 
swimming time was immediately recorded (Chi et al., 2008).
   
Measurement of blood lactic acid (BLA) concentrations in mice
      After a period of 28 days, eight mice were taken out from each group for BLA analyses. The blood 
samples were collected from eye sockets of mice 30 mins after intragastric administration and 30 mins after 
weight loading swimming (2 % body mass), respectively (Wan and Li, 2007; Zhang et al., 2005). Then BLA was 
tested according to the recommended procedures provided by the kit.
Measurement of serum blood urea nitrogen, liver and muscle glycogen concentrations in mice
       After a period of 28 days, eight mice were taken out from each group for liver glycogen, muscle 
glycogen and serum blood urea nitrogen (BUN) analyses. Mice were forced to swim for 90 mins without a load. 
After an hour’s resting, the mice were killed to collect liver, gastrocnemius muscle, and plasma samples for 
enzyme activity assays (Wan and Li, 2007; Zhang et al., 2005). The concentration of serum BUN, hepatic and 
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muscle glycogen were tested according to the recommended procedures provided by the kits.
Statistical analysis
       Data were presented as means ± SD. Student’s t-test was used to assess signiﬁcance of difference. 
P < 0.05 was considered signiﬁcant.
Results and Discussion
      Change of body mass, body mass gain, and food efﬁciency ratio (FER) during the experimental 
period are shown in Table 2. Body mass was recorded before experiment (initial) and after 28 days (ﬁnal), and 
body mass gain was computed. FER was computed from the body mass gain and food intake for the 
experimental period (FER = body mass gain for the experimental period/food intake for the experimental period) 
(Jung et al., 2004). There was no signiﬁcant difference between the control group and each treatment group
(p>0.05). In the present study, glabridin had no signiﬁcant effect on the body mass, body mass gain, and FER.
Table 2: Effect of glabridin on body mass, body mass gain, and food efﬁciency ratio of mice
Body mass (g)Group
Initial Final
body mass gains (g) Food efﬁciency ratio 
CG 19.22±1.34 7.46±2.57 7.46±2.57 0.21±0.17
LG 20.26±1.19 8.04±3.26 8.04±3.26 0.19±0.16
MG 19.68±2.04 7.78±2.31 7.78±2.31 0.24±0.20
HG 20.58±1.67 7.53±3.02 7.53±3.02 0.21±0.19
     The maximum swimming time of the mice was measured to investigate the effect of glabridin
inhibiting fatigue (Wang et al., 2006). Figure 1 showed that the swimming time of each treatment group (LG,
MG and HG) increased significantly (p<0.05) when compared with that of the control group. The swimming 
time of the LG, MG and HG increased by 22.58 %, 43.55 % and 50.04 %, respectively. These results indicated 
that different doses of glabridin had signiﬁcant effect on the endurance of the mice in the experimental.
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Figure 1: Effect of glabridin on exhaustive exercise time of mice (mean ± SD, n=8)
﹡p < 0.05 as compared with the control group
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     BLA is the glycolysis product of carbohydrate under an anaerobic condition, and glycolysis is the 
main energy source for intense exercise in a short time. Therefore, BLA is one of the important indicators for 
judging the degree of fatigue (Wang et al., 2006; Yu et al., 2008a). As shown in Figure 2, there was no significant 
difference in the concentration of BLA between treatment groups and the control group before swimming 
(p>0.05). After swimming, the concentration of BLA of all the treatment groups (LG, MG and HG) were 
significantly lower than that of control group (p<0.05). These results hinted that glabridin can effectively retard 
and lower the BLA produced after swimming, postpone the appearance of fatigue and accelerate the recovering 
from fatigue.
0
2
4
6
8
10
12
14
CG LG MG HG
Group
B
lo
od
 la
ct
ic
 a
ci
d 
co
nc
en
tr
at
io
n
(m
m
ol
/L
)
Before swimming After swimming
﹡ ﹡﹡
Figure 2: Effect of glabridin on blood lactic acid (BLA) of mice (mean ± SD, n=8) ﹡p < 0.05 as compared 
with the control group
     Serum BUN is the metabolism outcome of protein and amino acid. Urea is formed in the liver 
and is carried by the blood to the kidneys for excretion. Because urea is separated from the bloodstream by 
the kidneys, urea nitrogen concentration in the blood can be used as the indication of renal function. 
However, there are many factors other than renal disease that can cause BUN alteration (Wang et al., 2006). 
This includes protein breakdown, dehydration, stress, fatigue, etc. The serum BUN value was found to 
increase significantly after exercise. So serum BUN is the other important biochemical parameters related 
to fatigue (Ma et al., 2008; Jing et al., 2009). Serum BUN changes after swimming for all the groups were 
shown in Figure 3. The result showed that serum BUN concentration of all the treatment groups were 
significantly lower than that of the control group (p<0.05). It indicated that glabridin possessed the ability 
to lower or retard the formation of BUN after exercise.
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Figure 3: Effect of serum BUN of mice (mean ± SD, n=8) ﹡p < 0.05 as compared with the control group
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      It was known that endurance capacity of body was markedly decreased if the energy was exhausted. 
As glycogen was the important resource of energy during exercise, the increasing of glycogen stored in liver is 
an advantage to enhance the endurance of the exercise (Yu et al., 2008a). Wilber (1959) reported that severe 
depletion of liver glycogen was noted in all guinea pigs that swam to exhaustion. Liver glycogen depletion might 
be an important factor in the development of fatigue because as liver glycogen is depleted during exercise there 
is an inability to maintain blood glucose level, and the ensuing hypoglycemia could result in impaired nervous 
function (Dohm et al., 1983). Dohm et al. (1983) also demonstrated the importance of muscle glycogen levels in 
endurance exercise and suggested that depletion of muscle glycogen was a factor in fatigue and exhaustion (Jung 
et al., 2004). In the present study, the data of glycogen were shown in Table 3. After swimming, the 
concentration of liver glycogen of all the treatment groups were higher than that of control group (p<0.05). The 
concentration of muscle glycogen of all the treatment groups were higher than that of the control group (p<0.05). 
These data indicated that glabridin can significantly increase the concentration of liver and muscle glycogen of 
mice after swimming. 
Table 3: Effect of glabridin on liver and muscle glycogen of mice (mean ± SD, n=8)
The concentration of glycogen (mg/g)Group
liver Muscle
CG 7.58 ± 1.21 1.17± 0.95
LG 12.27 ± 1.06﹡ 1.75 ± 0.61﹡
MG 17.38 ± 1.19﹡ 2.29±0.44﹡  
HG 15.43±1.36﹡ 2.18±0.87﹡
﹡p < 0.05 as compared with the control group
Conclusions 
   Our results suggested that glabridin from Chinese herb Licorice could significantly inhibit fatigue, 
which extended the exhaustive exercise time of mice, effectively delayed the increasing of blood lactic acid, 
increasing the storage of liver and muscle glycogen. However further studies to clarify the detailed mechanisms 
involved in the anti-fatigue properties of glabridin are necessary.
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